Research has shown that meditation not only improves our cognitive and motivational 2 functioning (e.g., attention, mental health), it influences the way how our brain networks [e.g., 3 default mode network (DMN), fronto-parietal network (FPN), and sensory-motor network (SMN)] 4 function and operate. However, surprisingly little attention has been paid to the possibility that 5 meditation alters the structure (composition) of these functional brain networks. Here, using a 6 single-case experimental design with longitudinal intensive data, we examined the effect of 7 mediation practice on intra-individual changes in the composition of whole-brain networks. The 8 results showed that meditation (1) changed the community size (with a number of regions in the FPN 9 being merged into the DMN after meditation), (2) changed the brain regions composing the SMN 10 community without changing its size, and (3) led to instability in the community allegiance of the 11 regions in the FPN. These results suggest that, in addition to altering specific functional connectivity, 12 meditation leads to reconfiguration of whole-brain network structure. The reconfiguration of 13 community structure in the brain provides fruitful information about the neural mechanisms of 14 meditation. 15 16
condition" (MC) refers to the days on which scanning followed the FA meditation practice. The "no 1 meditation condition" (NoMC) refers to the days on which there was no FA meditation practice prior 2 to scanning. head coil. The resting-state fMRI data were obtained using a single-shot, gradient-echo echo-planar 7 imaging (EPI) sequence. Sequence parameters were as follows: repetition time/echo time (TR/TE) = 8 2,500/30 ms, slice thickness = 3.5 mm, field of view (FoV) = 256 mm, flip angle (FA) = 90 o , data 9 matrix = 64 × 64, in-plane resolution = 3.5 × 3.5 mm, 46 slices, 10 minutes scan length. Four dummy 10 scans were discarded to remove the impact of magnetization instability. A high-resolution (spatial 11 resolution: 1 × 1 × 1 mm) structural image was also acquired on the first day using a T1-weighted 12 magnetization prepared rapid-acquisition gradient echo (MP-RAGE) pulse sequence. All preprocessing steps were performed using the Data Processing Assistant for 1 because the obtained mask contained only 2 voxels. In addition to the remaining 359 cerebral cortical 2 ROIs, we included 40 limbic and cerebellar ROIs defined by AAL, resulting in a total of 399 ROIs. 3 For each ROI, we computed the spatial average of the signal within the mask. For each day, we To calculate correlation of functional connectivity between days. Specifically, we first 10 vectorized the functional connectivity between all pairs of 399 ROIs for each day into a 399 × 398 / 11 2 = 79,401 dimensional vector. Then, we computed the Pearson's correlation coefficient between the 12 two vectors for the corresponding days. (modularity) to partition the nodes in the given static network into communities. Communities are determined such that there are many edges within each community and relatively few edges between 1 communities (Blondel et al. 2008) . The generalized Louvain method considers the edges across 2 multiple inter-dependent slices and optimizes the generalized modularity instead of separately 3 optimizing the modularity for each slice. In the present study, a slice represents the static functional 4 connectivity on one day. We ran the algorithm 100 times and selected the community structure 5 yielding the largest generalized modularity value. As shown in the Results section, this procedure 6 found four communities that are comparable with the communities in previous research (Meunier, 7 Lambiotte, and Bullmore 2010; Moussa et al. 2012; Sporns 2013) . Community labeling 10 First, we represented each community i (i = 1, 2, 3, 4) by its core members. The core 11 members of the ith community were defined by the ROIs whose dominant community, that is the 12 community to which the ROI belonged for the largest number of days under the given condition, was 13 the ith community under both conditions. The relative overlap between the ith community and a , where 2 is the set of voxels belonging to a core member of the ith 16 community, Nj is interpreted as the set of voxels belonging to mask 4 , and (% & ∩( ) ) represents the number of voxels that belong to both 2 and 4 . We then labeled each community i according to the 1 community in the template that exhibited the largest overlap with the ith community. where I represents the number of days (NoMC, 40; MC, 18) , and Ii represents the number of days in 5 which the ROI belonged to community i (i = 1, 2, 3, 4). The IPR is equal to 0.75, which is the largest 6 possible value, when a ROI belongs to all the communities with the same probability. In this case, 7 the ROI is the most flexible in terms of the community membership. The IPR is equal to 0, which is 8 the smallest possible value, when the ROI belongs to the same single community in all the days. In 9 this case, the ROI is the least flexible. To investigate whether the FA meditation affects the 10 community-wide flexibility of ROIs, for each community, we applied a paired sample t-test to test 11 the mean difference in the flexibility between the two conditions. In this particular analysis, we 12 defined each community i by its core members, i.e., the ROIs that belonged to community i as the 13 dominant community under both conditions. 1 of functional connectivity between days (Fig. 1) . The correlation value ranged from 0.429 to 0.780, 2 suggesting that the functional connectivity of a single person varies on a daily basis. This result is 3 consistent with previous longitudinal scanning data from a single participant (Poldrack et al. 2015) . Metrics that quantify the changes in community structure 14 We examined the effect of FA meditation practice on intra-individual changes in the 15 composition of the whole-brain networks with three metrics: community size, community coherence,
The ANOVA showed a significant main effect of community (F(3, 224) = 133.2, p < 0.001) 3 while no significant main effect was observed for the condition (F(1, 224) = 0.01, p = 0.911). The 4 interaction between the community and the condition was statistically significant (F(3, 224) = 2.73, p = 5 0.044), suggesting that there was a significant change in the relative community size between 6 conditions. A simple main effect analysis showed that the FPN community tended to be smaller (F(1, 7 56) = 2.317, p = 0.134) and the DMN community tended to be larger (F(1, 56) = 2.515, p = 0.118) under 8 the MC compared with NoMC. work, we employed a whole-brain graph theoretic analysis with a single-case experimental design 3 using intensive longitudinal data to reveal that FA meditation provokes the reconfiguration of the 4 community structure of the whole-brain functional network. 5 We found that the size of the FPN decreased and that of the DMN increased as a 6 consequence of FA meditation. This result is consistent with the previously shown enhanced The present study demonstrated the value of a single-case experimental design with 2 intensive longitudinal data. It allows us to detect intra-individual changes in the whole-brain network 3 composition without being influenced by the large heterogeneity of individuals' brain functional 4 networks (Mueller et al. 2013) . Previous studies on meditation heavily relied on the expert-beginner 5 and/or pre-post comparison design (Tang, Hölzel, and Posner 2015) . Future research should be 6 encouraged to adopt the single-case research design more frequently to seek further insights into 7 intra-individual changes in patterns of brain networks as a consequence of meditation. One obvious 8 limitation of the current research design is that the data were collected from a single participant, 9 which makes it impossible to examine potential individual differences in our findings. However, 10 although research in cognitive neuroscience typically collects data from multiple participants, for the 11 majority of studies, their main focus is on the aggregated pattern of the brain activation/connectivity 12 (but see person-centered research, e.g., Bansal, Nakuci, and Muldoon, 2018) , and individual 13 differences have been typically treated as random noise (sampling error). Therefore, in our view, this 14 limitation is superseded by the strength of the current design: sensitivity to the nuanced 15 intra-individual changes in brain signals and functional connectivity. Nevertheless, the potential of multiple participants in future studies. Another limitation of the present study is that the participant 1 performed meditation practice only for three months, which is considerably shorter than the previous 2 studies with experts (e.g., more than one year of regular practice) (Hasenkamp et al. 2012) . Future 3 research should collect data for a more prolonged period of time to examine how the progress of 4 practice induces long-term changes in the community structure.
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The data that support the findings of this study are available from the corresponding author upon 2 reasonable request. dominant community allegiance of ROIs between the conditions. The schematic pictures of the brain on the 3 diagonal show the ROIs that belonged to the same community with the highest probability across the two 4 conditions. Those off the diagonal show the ROIs that belonged to different communities in the two 5 conditions. (B) Quantitative description of dominant community shift across the conditions. 6 7 8 9 Figure 4 . Coherence of the community within and across conditions. Coherence is a Welch's t-value that 2 represents the difference in averaged similarity value of a community structure between two groups, i.e., the 
